OR 1.40 95% CI 1.28, 1.52). Poor social communication was associated with depression at both ages (12 years OR 1.22 95% CI 1.11, 1.34; 18 years OR 1.21 95% CI 1.10, 1.33) and marginally associated with psychotic experiences. There was marginal evidence of a larger association between externality and psychotic experiences at 12 years (p = 0.06) and between social communication and depression at 12 years (p = 0.03). Conclusions Externality was more strongly associated with psychotic experiences. At 18 years change in externality, between 8 and 16 years were associated with a larger increase in the risk of depression. Poor social communication was more strongly associated with depression.
Introduction
It has been proposed that psychosis is an extended phenotype ranging from occasional psychotic experiences (PEs) and no dysfunction to psychotic disorder with serious dysfunction [1] . Studies report that community PEs (i.e., in non-clinical populations) are strongly associated with later psychotic disorder [2, 3] and share risk factors with psychotic disorder [1] .
Prevention of psychotic disorders is desirable, but difficult without accurate identification of those at risk before illness onset. Understanding the development of PEs and the identification of risk factors for PEs may be useful, since these often occur before psychotic disorder onset. There has been considerable debate about the true relevance of community PEs which are frequently co-morbid with depressive symptoms (DSs) [4, 5] . The strong overlap between PEs and DSs [6] suggests that PEs may be an expression of underlying emotional distress, rather than an indicator of psychosis vulnerability. In view of this it is not surprising that many risk factors for PEs are also associated with DSs and vice versa [7] . Unpicking the complex associations between risk factors and PEs which are comorbid with DSs is important, because it may help detect those at specific risk of later psychosis, inform the development of interventions to reduce psychosis incidence, and be informative for understanding the aetiology and mechanism of PEs. Previously, researchers have compared the strength of associations across studies and reported that risk factors associated with schizophrenia seem to be more strongly associated with PEs than DSs; however, these conclusions may be invalid because of differences in study populations. Others have compared estimates of association within the same study [8, 9] , but statistical methods that account for the co-morbidity between PEs and DSs are required to address this question robustly. As far as the authors are aware only one previous study has used joint outcome modelling to investigate specific and shared risk factors between PEs and DSs, which reported that only neuro-developmental risk factors were not shared [7] .
Social cognitive ability and locus of control (LoC) may be important. There is evidence that deficits in social cognition and an external LoC styles are associated with psychosis [10] [11] [12] [13] [14] [15] . Social cognition (the ability to process and use social information) consists of several inter-connected, concurrent processes; the perception, storage, interpretation and implementation of social information. These processes are used to understand and interpret the actions of others and predict their future goals, intentions, and actions, and in turn to adapt one's own behaviour. The theories of Frith [16, 17] suggest that the signs and symptoms of schizophrenia can be explained by poor social cognitive ability and a consequent inability to infer the mental states of others. There is some cross-sectional evidence from small studies of an association between certain domains of social cognition and PEs or schizotypy (personality characteristics resembling psychotic symptoms), such as theory of mind [18] [19] [20] [21] , emotion recognition [19, [22] [23] [24] [25] [26] [27] [28] , and social perception [19, 25] . Longitudinal studies of social cognition have produced conflicting findings. One found an association between theory of mind at age 5 and PEs at age 12 [29] but not between PEs and the recognition of emotion from faces [30] .
LoC is the cognitive approach used to attribute causes to events and is related to social cognition, because it relies on self-awareness. Inevitably, individuals draw on their own belief systems to explain the world around them. An external LoC attributes negative events to external causes which are outside the control of the individual, whereas an internal LoC attributes negative events to flaws within oneself. It has been suggested [31] that an external LoC may be associated with PEs, such as paranoia, where an individual may erroneously perceive a threat from an external agent but no evidence that an external LoC is associated with DSs. There is some crosssectional evidence of an association between an external local of control and PEs or schizotypy [21, 32] . In addition, two prospective studies [15, 33] , one using the same data source as this study [15] , found that an externalised LoC is associated with PEs at age 12 and psychotic disorder. The study by Thompson et al. [15] differs from our own, because it only investigated the association between LoC at age 8 with PEs at age 12 and did not investigate the role of co-morbid DSs. The finding that only risk factors with a neuro-developmental origin are specific to PEs [7] may have relevance for the investigation of social cognitive ability and LoC as risk factors, because it has been reported that poor social cognitive ability has a neuro-developmental origin, suggesting that it is specific to PEs rather than DSs [34] .
Most previous studies investigating social cognitive ability and LoC and PEs, with the exception of one [33] , have focussed on childhood ability and early adolescent PEs. It is possible that social cognitive ability and LoC may be a stronger risk factor for later PEs. Although some social cognitive abilities develop early, others may develop (or become more refined) in adolescence. In addition, the demands on social cognitive ability may be more pressing in adolescence when social functioning becomes more important. Our hypothesis, therefore, is that social cognitive ability and LoC are specifically associated with PEs but not with DSs. [35] . Among these, 7058 children had at least one outcome of interest (DSs or PEs in the early or late adolescence) or at least one risk factor of interest and were included in the analysis. The sample is representative of those born at that time in the former county of Avon during this period [36] .
Aims of the study

Ethics
Ethical approval for the study was obtained from the ALSPAC Ethics and Law Committee and the Local Research Ethics Committee.
Outcome measures
PEs at 18 years
The Psychosis-Like Symptom interview (PLIKSi) [37] is a semi-structured instrument that draws on the principles of standardised clinical examination developed for the Schedule for Clinical Assessment in Psychiatry (SCAN) [38] . This measure is further described in Appendix A.
PEs at 12 years
The procedure for rating PEs at this timepoint was identical to that at 18 except participants were asked about experiences since their last birthday. Inter-rater reliability across all interviewers was very good (Kappa = 0.72) according to the standard benchmarks [39] .
DSs at 18 and 12 years
Self-reported DSs were assessed using the Short Moods and Feeling Questionnaire (SMFQ) [40] which asked about symptoms over the previous 2 weeks. The version of the questionnaire used in this analysis consists of only 12 questions. Question 4 "teenager felt restless" was not used because previous work found that this question was poorly understood [41] . Each question had three possible responses: 0 never, 1 sometimes, and 2 always. The score range for each participant was 0 to 24 and higher scores indicated more DSs. The internal reliability of the SMFQ is good (Cronbach's alpha = 0.85) [40] . The distribution of scores on the SMFQ is highly skewed with the majority reporting low levels of symptoms; therefore, we dichotomised the scale, defining high levels of DSs by scores of ≥11. This cutoff has been shown to have a high sensitivity and specificity [42] and has been previously applied in community samples [43] . Dichotomising DSs allowed joint modelling of both DSs and PEs, as described in the "Statistical analysis".
Risk factors
Locus of control measures
LoC at 8 and 16 years The shortened version of the Childhood Nowicki-Strickland Internal-External (CNSIE) questionnaire was used to measure external LoC [44] . Questions were asked during an assessment clinic at age 8. At age 16, the questions formed part of a self-completed postal questionnaire, which has good construct validity and test-retest reliability [44] . An external LoC score was calculated as the number of external responses (externality). Higher scores resent a more externalised style.
To investigate the association with outcomes at 18 years scores, externality at 8 and 16 years were used as risk factors. To investigate the association with outcomes at 12 years, externality at 8 years was used as the risk factor.
Social cognitive measures
Social communication and social skills
This was assessed using the Social Communication Disorders Checklist [45] (SCDC) which was completed by parents on behalf of their children at ages 7, 10, 13, and 16 years. The SCDC has excellent internal consistency (0.93) and high test-retest reliability (0.81) [45] . A mean of the scores at 7 and 10 years was investigated in conjunction with the 12-year-old outcomes, and a mean score of the 11-and 13-year-old measures was investigated in confunction with the 18-year-old outcomes.
Emotion perception: facial emotions at age 8
Data were collected using the Diagnostic Analysis of NonVerbal Accuracy (DANVA) [46] during an annual assessment clinic held when the cohort were approximately 8 years. The faces subtest of the DANVA consists of 24 colour photos of male and female primary school age child faces, with each face showing fear, happiness, sadness, or anger. The photos were presented for 2 s after which the participant was asked to respond by indicating which emotion was displayed. Pictures were classified as high (easy to identify) or low (harder to identify) intensity. The test was computerised and exhibits good internal consistency reliability (0.68-0.88) and good test retest reliability (0.70-0.86) [46] . In these analyses, the number of errors made for each emotion with high-and low-intensity stimuli was used.
Emotion perception: biological movement at 12 years
This was assessed during the same clinic as the PLIKSi using the Emotional Triangles test [47] . This computerised test consists of silent animations with a black outline triangle and circle on a white background. The movements of the animated shapes were designed to represent the way a person might move if affected by the target emotion. For instance, scared was depicted by the triangle 'jabbing' at the circle. The shapes appeared to interact in a manner appropriate to one of four basic emotions; happy, sad, angry, and scared. For each of the four emotion trials, two different types of questions are asked: one that is emotionappropriate ("is the triangle happy?" for a happy animation) and one that is not ("is the triangle happy?" for a sad/ angry/scared animation). Inappropriate responses were subtracted from appropriate responses to account for response bias. High scores represent a better performance. This risk factor was only investigated in relation to the 18-year-old outcomes.
Potential confounding variables
These were chosen using knowledge of variables which may be associated with PEs and DSs in general population samples and from previous relevant research. Those selected were gender, maternal marital, and educational status at the child's birth, child's IQ at age 8 collected using the alternate items from the Wechsler Intelligence Scale for Children (WISC) [48] and the number of autistic traits between ages 6 months and 9 years [49] . Figure 1 depicts the time line for data collection points.
Data preparation
Missing data
Multiple imputation of missing data was conducted by fully conditional specification using flexible additive imputation models as implemented in the 'aregImpute' function in the R statistical package [50, 51] (see Appendix B for further information). 
AuƟsƟc traits
Statistical analysis
Standardised versions of risk factor and confounder variables were used for analyses. Initially, the associations between externality and social cognitive ability and PEs at 12 and 18 years and DSs at 12 and 18 years were investigated using logistic regression modelling in imputed data. Multivariable models were used to adjust for confounders and the corresponding psychopathology at each timepoint. Second, four-dimensional probit regression models were used to jointly model the binary indicators of PEs and DSs at each time-point and to compare regression parameter outcomes using Wald tests after imputation using Stata [52] , R [53] and MLwiN [54] software packages. We converted probit estimates into odds ratios to enable interpretability by obtaining approximations of the logit parameters by multiplying the probit parameters by a factor of 1.6 [55] .
Joint modelling of depression and PEs at 12 and 18 years allows us to examine whether increases in the levels of social communication, externality and emotion perception could change the risk of depression and PE at each timepoint. The joint modelling approach estimates all these effect simultaneously in a single model and thus allows us to compare these effects (as quantified through odds ratios). The comparison of such effects automatically translates to:
(a) compare effects between outcomes, e.g., whether externality at 8 years has a similar association with the risk of depression and PE at 12 years and similarly whether externality at 16 years has a similar association with depression and PE at 18 years (in other words whether each exposure is common or specific to each psychopathology) and (b) compare effects across time, e.g., whether externality at 8 and 16 years has a similar effect for depression at 12 and depression at 18 years, respectively (in other words, test whether externality has a time-dependent effect on depression or PE).
Results
Descriptive data
Participants were slightly more likely to be female and have a mother who was married at their birth who did not have a higher education qualification compared to the overall sample (Table 1) . This was as expected from the ALSPAC cohort follow-up [35, 56] . The proportion of those with PEs decreased between 12 and 18 years, whereas the proportion with DSs increased. Imputed data used in this analysis differed little from observed data (Supplementary Table A) . Tables 2 and 3 show unadjusted and adjusted associations between the social cognitive variables and PEs and DSs.
Common and specific risk factors
External LoC (externality)
In unadjusted analyses, there was evidence that externality at ages 8 and 16 years was associated with PEs and DSs at ages 12 and 18 years. Externality was associated with a higher risk of PEs than DSs and was sustained over time.
The association between externality at age 8 years and PEs at 12 years was stronger than with DSs at 12 years, but at 18 years, the risk for DSs had converged to be similar in size. Adjustment for confounding caused some effect attenuation along with larger standard errors, as expected. There was weak evidence of a difference in the strength of the association with PEs across time, where a 1 SD increase in externality at age 8 years was associated with a 23% increase in the odds of PEs at 12 years and a 38% increase at 18 years with externality at 8 and 16 years. There was strong evidence that the association between externality at 8 and 16 years and DSs at age 18 was stronger than that with externality at 8 years and DSs at age 12 with each SD increase in externality associated with a 40% increase in the odds of DSs at 18 compared to a 12% increase at 12 years. There was weak evidence that the association across psychopathologies was different at 12 years (stronger for PEs than DSs) but no evidence of a difference at 18 years, where the risks converged. Table 2 Results using probit modelling: risk factor effects (OR and 95% CIs) on depression and PEs at 12 and 18 years (N = 7058), respectively and averaged over 100 imputations for missing data, as described in "Methods" *Analysis scale is expressed in the standard deviation units, where the scale is transformed to have a mean 0 and SD = 1 a Test of evidence against the null hypothesis that the strength of the association between risk factors and depression modelled separately at each timepoint is equal to the strength of the association between risk factors and depression modelled across timepoints b Test of evidence against the null hypothesis that the strength of the association between risk factors and psychotic experiences modelled separately at each timepoint is equal to the strength of the association between risk factors and psychotic experiences modelled across timepoints c Test of evidence against the null hypothesis that the strength of the association between risk factors and the psychopathologies modelled separately at each timepoint is equal to the strength of the association between the risk factors and both psychopathologies modelled together at each timepoint 
Social communication
Unadjusted associations showed marginal evidence of an association with PEs at either age, whereas there was evidence of an association between social communication ability at age 7 and 10 years and DSs at 12 years and between social communication ability at 13 and 16 years and DSs at 18 years. After adjustment, there was still only marginal evidence of an association with PEs at either timepoint, however, the association with DSs at both ages remained. At 12 and 18 years, each SD increase in poor social communication ability was associated with an approximate 20% increase in the odds of DSs There was no evidence that the association with either psychopathology differed over time (PEs p = 0.44, DSs p = 0.87). There was marginal evidence (p = 0.03) that the association at age 12 was specific to DSs but no evidence of disorder-specific effects at 18 years (p = 0.28).
Emotion perception
In unadjusted analyses, there was evidence of a weak association between emotion perception using biological movement at age 12 years and DSs at 18 years but no evidence of an association with PEs at 18 years. There was no evidence of any association between emotion perception ability (facial expression) at 8 years and either psychopathology at 12 or 18 years. After adjustment for confounders, there was weak evidence of an association between emotion perception (biological movement) at 12 years and both PEs and DSs at 18 years. A 1 SD increase in emotion perception ability was associated with a 9% increase in the odds of DSs and an 8% increase in the risk of PEs at 18 years, but the associated uncertainties were large, and could be largely due to measurement error. There remained no evidence of an association between emotion perception (facial expression) and either psychopathology at either age. These findings are illustrated in Fig. 2a-d . The associations between each risk factor and each outcome using logistic regression modelling are described in Supplementary Table B .
Discussion
Our hypothesis that increased externality and reduced social cognitive ability would be specifically associated with increased risk of PEs was partially supported, since there was some evidence that externality had a stronger impact on the risk of PEs at 12 years than on DSs. However, whilst the association with PEs was time-invariant, it was no longer specific to PEs by age 18. In contrast, there Table 3 Main risk factor effects (OR and 95% CIs) on depression and psychotic experiences (PEs) at 12 and 18 years, adjusted for socio-demographic and confounding variables (N = 7058), respectively and averaged over 100 imputations for missing data, as described in "Methods" *Analysis scale is expressed in the standard deviation units, where the scale is transformed to have a mean 0 and SD = 1; a Test of evidence against the null hypothesis that the strength of the association between risk factors and depression modelled separately at each timepoint is equal to the strength of the association between risk factors and depression modelled across timepoints b Test of evidence against the null hypothesis that the strength of the association between risk factors and psychotic experiences modelled separately at each timepoint is equal to the strength of the association between risk factors and psychotic experiences modelled across timepoints c Test of evidence against the null hypothesis that the strength of the association between risk factors and the psychopathologies modelled separately at each timepoint is equal to the strength of the association between the risk factors and both psychopathologies modelled together at each timepoint was evidence that social communication deficits were more specific to DSs than PEs at 12 years and there was no evidence that emotion perception was specific to either. Our findings are in support of the only other longitudinal study on an externality at age 8 and PEs at age 12, which uses data from the same cohort [15] . Our study extends these findings, by simultaneously modelling PEs and DSs in the early and late adolescence. The size of the association detected in this study is larger than our own, which may be because this study did not account for co-morbid depression. Our results suggest that externality is also associated with depression at 12 years, and therefore, a failure to account for this would inflate the estimate. Our findings also support the only other longitudinal study reporting an association between early externality and later psychotic disorder [15, 33] . It is difficult to compare this report of a strong association with ours, since they are expressed as a likelihood ratio Chi-squared for schizophrenia and schizophrenia-spectrum disorder. The difference in the size of associations may be because the outcome was measured in a clinical sample rather than a community sample, or because the participants were from a high-risk group. If psychotic disorders are on a continuum with PEs, associations between risk factors and outcomes are likely to be stronger at the severe end of the continuum. The sample size was also smaller than ours (n = 89), and it is increasingly recognised that very small sample sizes can be associated with effect inflation [57] . There was also no adjustment for confounding and, in particular given our findings, of co-morbid depression.
Our findings also expand the previous work in this cohort that investigated the association between emotion perception ability and PEs [30] . This study also failed to find an association.
Externality, social cognitive ability, and psychopathology
Our findings suggest that externality and poor social communication are potential predictors of later DSs and PEs, even after accounting for co-morbidity and confounding. It is also true that, in general, externality was associated with PEs and poor social communication ability was more strongly associated with DSs. It is easy to speculate how these deficits may lead to each psychopathology. Externality, whereby negative events are attributed to other people or externally-controlled circumstances, may lead to paranoia and delusional belief [31] , whereas poor social communication may cause social isolation, leading to DSs. Some psychotic symptoms, such as hallucinations, are associated with a blurring of the boundary of the self, which may be exacerbated by an external LoC which blames self-created negative events on external factors.
It is interesting that in general, associations were stronger for both psychopathologies at 18 than at 12 years, in spite of the fact that PEs are less prevalent in late adolescence. There are several possible explanations for this. It may be that the demands on social cognitive ability are greater in late adolescence, with growing social independence and more complex social tasks. It may also be that PEs at 12 are less accurately measured, perhaps because younger adolescents had difficulty understanding the questions, and therefore, measurement error is diluting the associations between PEs at 12 years and the risk factors. This possibility is endorsed by the lower inter-rater reliability statistics at 12 compared to 18 years. Another possibility is that PEs that have either persisted since age 12, or have been incident since age 12, are of a more severe nature and, therefore, have a stronger association with risk factors.
The specificity of externality and social cognitive ability as a predictor for PEs Our hypothesis that externality and poor social cognition would be specifically associated with PEs was based on existing evidence that poor social cognition precedes psychosis, but little evidence that poor social cognition precedes depression [58] . Furthermore, there is a strong evidence that neuro-developmental abnormalities are associated with the risk of schizophrenia [59] and PEs [37] .
We found little evidence that associations between externality, social cognitive ability and psychopathology at 18 years were specific to PEs, although at 12 years, there was marginal evidence of this. There are a number of potential explanations. First, PEs in this general population sample may not be strong indicators of aetiological mechanisms underlying psychotic disorders, but may be more representative of emotional distress akin to depression and anxiety; indeed, there is increasing evidence to support this view [60] . Second, it may be that poor social cognition is only a predictor for more severe PEs which are more likely to be associated with later psychotic disorder and there may be an insufficient number of 'severe' PEs in our sample. Third, it may only be severe forms of social cognitive dysfunction that are neuro-developmental in origin and there may be few participants with this type of severe social cognitive dysfunction in our sample. Fourth, we used a broad measure of PEs (i.e., both suspected and definite experiences), which may be more similar to DSs than the definite PEs would have been.
It is interesting to speculate why the only indication of specificity was at age 12. It is possible that at the earlier timepoint, there is less overlap between PEs and DSs and that this difference emerged, in spite of the greater difficulty of measuring PEs at 12 compared to 18 years. If it had been possible to measure PEs at the earlier timepoint with even greater accuracy, we may have been able to detect specificity with greater precision.
Strengths and limitations
To our knowledge, this is the first study to simultaneously model PEs and DSs in the early and late adolescence. This has enabled us to explore the complex relationship between these psychopathologies and the specificity of externality and social cognition as risk factors using a robust statistical method.
This study uses prospective data from a large cohort of adolescents from a general population sample which is representative of the UK population of adolescents [35] . Multiple imputation was used to replace missing data, which has helped to reduce the effect of selection bias resulting from the loss to follow-up of cohort members.
Some limitations of this study should also be acknowledged. There is no measure of PEs before 12 years, which makes it impossible to be certain that the risk factors preceded PEs. However, it should also be acknowledged that measurement of PEs in young children is unlikely to be accurate. The assessment periods for each timepoint of the PEs interviews were different. At 12 years, the participants were asked about any experiences since their 12th birthday (i.e., over the previous 6 months), whereas at 18 years, they were asked about experiences since their 12th birthday (i.e., over 6 years). It is difficult to know what difference this methodological weakness may have had. Potentially, the accuracy of the recall of the participants could have been better at 12 years, as they were being asked to recall experiences over a shorter period. This should have reduced measurement error and thereby increased the probability of detecting an association between risk factors and the 12-year outcomes. However, the probability of recalling an experience may have been greater at the 18-year interview as the participants were asked about experiences which may have occurred over a much longer period, especially if the experiences only happened infrequently. This could have resulted in the recording of a greater number of outcomes, which would also have increased the statistical power to detect an association between risk factors and outcomes. Another limitation is that there were no data recorded in the cohort on confirmed physician diagnosis of either psychosis or depression at 12 or 18 years, although these variables have been subsequently derived from the data by other authors [3] . This is a less important limitation, however, since the aim of this study was to investigate risk factors for PEs and DSs rather than for actual diagnoses, which are in any case likely to be very infrequent at these ages.
Some of the social cognitive measures used here are blunt and may not provide an accurate measure of ability. An additional source of risk factor measurement error may be because some data was collected from parental report (social communication). There are also no data on theory of mind ability in the ALSPAC cohort. It would have been interesting to investigate this ability as a risk factor, since there is convincing evidence that it is associated with psychosis [10, 12] .
The importance of PEs as a predictor of psychotic disorder is still undecided, and in fact, most PEs will resolve or not lead to psychotic disorder. However, they are still of importance, since they are a reflection of emotional distress in adolescents and are associated with poor functioning.
Implications
If our results reflect the causal effect of externality and social communication deficits, then therapies aimed at improving these abilities may reduce the incidence of both PEs and DSs and potentially other psychopathologies, such as anxiety, in early and later adolescence. There is evidence that LoC is modifiable [61] and evidence that interventions to improve social cognition in children may be effective [62] .
